Introduction {#s0005}
============

Breast parenchymal enhancement (BPE) is defined as normal breast tissue enhancement on the magnetic resonance mammography (MRM) and was recently added to the updated American College of Radiology Breast Imaging Reporting and Data System (BI-RADS) atlas [@bb0005].

Destinct BPE is considered to lead to false positive and sometimes even false negative results. Even though every breast radiologist faces BPE in clinical routine, little is known about its origin.

Understanding BPE can thus be considered key to understanding underlying breast physiology and thus improved diagnosis in MRM.

Some authors have analyzed possible factors influencing BPE, including the dose and rate of contrast medium [@bb0010] the vascular supply of the breast [@bb0015], and a variety of hormone effects and antihormonal treatment [@bb0020], [@bb0025], [@bb0030], [@bb0035], [@bb0040], [@bb0045], [@bb0050]. BPE is thought to coincide with the amount of blood flow in fibroglandular tissue and may reflect breast activity [@bb0055]. Other studies [@bb0060] have suggested BPE to be a major risk factor for the development of breast cancer, possibly as important as and independent of mammographic density, which could serve as an imaging biomarker of malignant transformation. Some studies have proposed [@bb0065], [@bb0070] proposed data in which BPE was associated with a higher chance of developing breast cancer in women at high risk for cancer. Other recent studies [@bb0075], [@bb0080], [@bb0085], [@bb0090] have contradictorily suggested BPE to be an imaging characteristic without increased cancer coincidence in asymptomatic or high-risk patients.

This uncertainty about the origin of BPE raised the question of this study: What causes BPE, and is there truly an association between BPE and breast cancer risk?

The purpose of this study was to investigate promoting factors for BPE in a high-risk patient collective.

Materials and Methods {#s0010}
=====================

Patient Collective {#s0015}
------------------

The institutional review board granted a waiver of authorization and patient consent for our retrospective study, which was complaint with the Health Insurance Portability and Accountability Act by the University Medical Centre Mannheim. For this retrospective study, all high-risk patients examined in our university hospital between December 2008 and June 2015 were considered. High-risk criteria included the presence of a known genetic mutation (e.g., BRCA 1 or BRCA 2) and determination of a lifetime risk of breast of greater than 20% by using a risk assessment tool that is primarily based on family history.

In total, 146 women with at least 1 MRM were included in this study. Of the 91 included high-risk patients, 11 were diagnosed with breast cancer, 30 patients had received prior unilateral mastectomy upon a previous breast cancer diagnosis, and 50 patients served as a high-risk control group without suspicious findings ([Table 1](#t0005){ref-type="table"}). Additionally, 56 non--high-risk screening patients, for whom MR served as problem-solver, were selected and matched to the high-risk cases on the basis of age (mean age 48.7 ± 25 years). For the cancer cohort, the examination date of cancer detection was considered. For the control cohort, the postoperative cohort, and the screening population, only data from the latest examination were considered if multiple MRM images were obtained during the study period.Table 1High-Risk Population CharacteristicsTable 1Patient Collective*N* (= 147)BRCA 127 (18.37%)91 high-risk patientsBRCA 223 (15.65%)Lifetime risk41 (27.9%)Non--high-risk56 (38.1%)**High-risk patients*N* (=91)**Cancer diagnosed11 (12.09%)Postoperative status30 (32.97%)No cancer or previous surgery50 (54.94%)Table 2Results Various Models of Impact Factors on BPETable 2Model 1Model 2Model 3Model 4Model 5Model 6Model 7FGT (interreader average)**0.55** (.09) [⁎⁎⁎](#tf0015){ref-type="table-fn"}**0.47** (0.09) [⁎⁎⁎](#tf0015){ref-type="table-fn"}**0.47** (.09) [⁎⁎⁎](#tf0015){ref-type="table-fn"}**0.48** (.09) [⁎⁎⁎](#tf0015){ref-type="table-fn"}**0.44** (0.9) [⁎⁎⁎](#tf0015){ref-type="table-fn"}**0.39** (.09) [⁎⁎⁎](#tf0015){ref-type="table-fn"}**0.4** (.1) [⁎⁎⁎](#tf0015){ref-type="table-fn"}Age−**0.01** (.01)Status after menopause−**0.46** (.09)[⁎⁎⁎](#tf0015){ref-type="table-fn"}−**0.48** (.17)[⁎⁎](#tf0010){ref-type="table-fn"}−**0.54** (.18)[⁎⁎](#tf0010){ref-type="table-fn"}−**0.55** (.16)[⁎⁎](#tf0010){ref-type="table-fn"}−**0.56** (.17) [⁎⁎⁎](#tf0015){ref-type="table-fn"}Cancer−**0.46** (.29)−**0.3** (.29)−**0.22** (.29)−0.19 (.3)High-risk status−**0.4** (.16)[⁎](#tf0005){ref-type="table-fn"}−**0.27** (.16)−**0.32** (.19)Motion−**0.25** (.09)[⁎⁎](#tf0010){ref-type="table-fn"}−**0.24** (.09)[⁎⁎](#tf0010){ref-type="table-fn"}Status after operation**0.10** (.22)Intercept**0.91** (.26)[⁎⁎⁎](#tf0015){ref-type="table-fn"}**1.75** (.52)[⁎⁎⁎](#tf0015){ref-type="table-fn"}**1.29** (.29)[⁎⁎⁎](#tf0015){ref-type="table-fn"}**1,3** (.28)[⁎⁎⁎](#tf0015){ref-type="table-fn"}**1.66** (.31)[⁎⁎⁎](#tf0015){ref-type="table-fn"}**1.22** (.34)[⁎⁎⁎](#tf0015){ref-type="table-fn"}**1.22** (.34)[⁎⁎⁎](#tf0015){ref-type="table-fn"}[^1][^2][^3][^4][^5]

Technique {#s0020}
---------

MRM was performed with a 1.5-T system (Magnetom Avanto, Siemens Healthcare, Erlangen, Germany) by using a standard bilateral breast coil. The standardized protocol consisted of a T2-weighted turbo spin-echo sequence (2-mm axial slices, FOV 320 mm, matrix 512 × 512, TR/TE 7410/104 milliseconds), a short tau inversion recovery sequence (2-mm axial slices, FOV 320 mm, matrix 512 × 512, TR/TE 2350/50 milliseconds), and a T1-weighted 3D gradient-echo sequence (2-mm axial slices, FOV 320 mm, matrix 512 × 512, TR/TE 4.1/1.4 milliseconds) once before and six times after bolus injection of 0.1 mmol of GD-DTPA or Gd-DOTA per kilogram of body weight. The temporal resolution was 59 seconds for each dynamic acquisition. Sequence acquisition parameters have been previously reported [@bb0095].

Imaging Acquisition and Interpretation {#s0025}
--------------------------------------

All MRM images were independently reviewed by two fellowship-trained radiologists with 8 and 4 years of experience who specialized in breast imaging in accordance with BI-RADS [@bb0100]. The amount of fibroglandular tissue (FGT) on MR was evaluated as 1 = almost entirely fat (\<25% glandular), 2 = scattered fibroglandular density (25%-50% glandular), 3 = heterogeneously dense (51%-75% glandular), 4 = extremely dense (\>75% glandular). BPE was considered in the entire breast parenchyma and evaluated in the early post contrast set of the dynamic images according to the BI-RADS criteria. The evaluation of BPE was performed on the original set of images. Subtractions were not considered as we found them susceptible to artifacts, such as motion, potentially camouflaging BPE. BPE was defined as enhancement of the normal breast parenchyma: 1 = minimal, 2 = mild, 3 = moderate, or 4 = marked ([Figure 1](#f0005){ref-type="fig"}, [Figure 2](#f0010){ref-type="fig"}). Additionally, patient motion as an additional possible influence on BPE was assessed in the dynamic set of images by both readers as 1 = minimal, 2 = mild, 3 = moderate, or 4 = marked.Figure 1Examples of minimal BPE in the dynamic set of images (first row left to right: precontrast, 1 minute, 2 minutes post injection of 0,1 mmol/kg; second row left to right: third, fourth, and fifth minute post injection of 0,1 mmol/kg gadolinium).Figure 1Figure 2Examples of marked BPE in the dynamic set of images (first row left to right: precontrast, 1 minute, 2 minutes post injection of 0,1 mmol/kg; second row left to right: third, fourth, and fifth minute post injection of 0,1 mmol/kg gadolinium).Figure 2

Statistical Analysis {#s0030}
--------------------

Linear regression was used to investigate the correlation between BPE and multiple factors. These are FGT, age, breast cancer factor, high-risk precondition, as well as motion in a cohort. The stepwise inclusion of these factors induces seven models as shown in table 2. Since there was scant information on the menopausal status of the women in this study, age of 50 years was defined as the boundary to assess the menopausal status (≥50 years postmenopausal, \<50 years premenopausal), as suggested in other studies [@bb0105]. Kappa statistics were used to evaluate interreader interpretation [@bb0050]. The strength of the kappa agreement was defined as \<0.00 = poor, 0.00-0.20 = slight, 0.21-0.40 = fair, 0.41-0.60 = moderate, 0.61-0.81 = substantial, or 0.81-1.00 = almost perfect. *P* \< .05 was considered to indicate a significant difference for all comparisons. All computations were performed by using "R" statistical software (Project for statistical Computing 3.2.2).

Results {#s0035}
=======

Interreader Agreement {#s0040}
---------------------

Interobserver agreement can be considered substantial with ϰ = 0.653 for BPE and 0.794 for FGT.

BPE Promoting Factors {#s0045}
---------------------

Linear regression analysis revealed that FGT is positively correlated with BPE both when investigating the bivariate relationship to BPE as well as when controlling for all other factors considered in this study (*P* \< .001 in all seven models). The effect of FGT is moderately high with an increase of BPE of a little less than half a point for every unit increase of FGT. Patients with the highest FGT value show on average 1.2 points more in BPE compared to patients with the lowest value in FGT, holding all else constant. Age has no effect whatsoever on BPE (see model 2), while status after menopause has a consistent and significant effect. Holding all other factors constant, women after menopause exhibit on average 0.56 (*P* \< .001) point less on the BPE scale than women before menopause. Following model 2, age has been dropped in subsequent models because status after menopause and age are highly correlated.

In our study, cancer was not associated with BPE (*P* \> 0,05). A high-risk status at first seemed to show a negative effect on BPE. Model 5 shows that patients with BRCA1, BRCA2, or elevated lifetime risk present with BPE values that are on average 0.4 point (*P* \< .05) lower than those of nonrisk patients. This effect dissolves, however, when adjusting for the degree of patient motion during the MR examination.

Motion in fact explains a considerable part of the variation in BPE. The difference between patients with the least movement and patients with the most movement is on average 0.7 increment in BPE. Motion has therefore the second strongest impact on BPE after FGT (recall that both are measured on a four-point scale). Whether patients had a status after surgery or not made neither a substantial nor statistically distinguishable difference in regards to BPE. [Figure 3](#f0015){ref-type="fig"} visualizes the effect of various factors on BPE. [Figure 4](#f0020){ref-type="fig"} graphically shows in detail our results for the effect of motion on the formation of BPE.Figure 3Regression estimates with confidence intervals. The graph shows the coefficients along with their standard errors from the complete fitted model in [Table 2](#t0010){ref-type="table"}. Dots represent coefficients and the size of the effect of a specific factor on BPE. Dots on the right-hand side indicate positive effects; dots on the left-hand side indicate negative effects on BPE. Where bars cross through the zero line, effects are not statistically distinguishable.Figure 3Figure 4Violin plot of motion on BPE: The blue line shows the fitted association between BPE and motion. The gray area indicates the 95% confidence interval. The width of the white area indicates distributional properties within each category. The broader these areas are, the more observations are associated with the respective value of BPE. It is evident from this plot that the relationship between motion and BPE is not deterministic. A number of patients exhibit high levels of BPE despite a low degree of motion. However, there are almost no patients with high levels of motion who do not show high levels of BPE, indicating that motion is a sufficient but not a necessary condition for high BPE levels.Figure 4

Discussion {#s0050}
==========

Background parenchymal enhancement has been a matter of scientific discussion for some time. As it can often be detected as contrast uptake of unspecific breast parenchyma, radiologists have ever since been trying to understand the diagnostic meaning of BPE as it distracts from truly enhancing lesions, causing false-positive and---even worse---false-negative diagnoses [@bb0020], [@bb0025], [@bb0030], [@bb0035], [@bb0040], [@bb0045], [@bb0050], [@bb0055], [@bb0060], [@bb0065], [@bb0070], [@bb0075], [@bb0080], [@bb0085], [@bb0090], [@bb0095], [@bb0100], [@bb0105], [@bb0110]. Recent research has demonstrated only little effect of BPE on the diagnostic performance of breast MRI [@bb0075], [@bb0080]. This leaves the question whether hormonal or otherwise activated breast tissue as reflected by increeased BPE is associated with a higher risk of breast cancer, with BPE acting as an imaging biomarker in this respect.

Breast MRI screening today is mainly suggested only for women with high-risk backgrounds in current international guidelines, such as those published by the European Society of Breast Imaging, the European Society of Breast Cancer Specialists, and the American College of Radiology [@bb0100], [@bb0115], [@bb0120]. At the same time, there are only few studies examining BPE promoting factors in high-risk populations [@bb0030], [@bb0115], [@bb0125], [@bb0130].

To our knowledge, this is the first study to structurally examine factors on their effect on BPE in their codependence in a high-risk population. The correlation between BPE and FGT, age, and postmenopausal status has been investigated in other studies [@bb0060], [@bb0065], [@bb0070], [@bb0075], [@bb0080], [@bb0085], [@bb0090], [@bb0095], [@bb0100], [@bb0140], [@bb0145]. In line with some of these previous studies [@bb0025], [@bb0100], we have confirmatively found that BPE positively correlates with FGT in our high-risk patient collective. BPE is commonly considered to reflect blood flow in dense tissue, while FGT may represent the connective and epithelial tissues on MRM before the administration of the contrast agent [@bb0140].

Both BPE and FGT together may demonstrate normal breast epithelial cell proliferation. Therefore, they may have a similar tendency to change in breast MRI. Only few women in our study with dense breasts showed little or no BPE, whereas women with scattered fibroglandular tissue may show marked BPE. Upon review of the literature, some authors have suggested that there is no correlation between BPE and mammographic density when MRM was performed in the first part of the menstrual cycle [@bb0130], [@bb0140]. This finding could be a hint towards other influences on the degree of BPE essentially independent of the amount of FGT.

In our study, there was no correlation between BPE and age. However, when we assessed 50 years of age as the postmenopausal threshold for further assessment as suggested in other studies [@bb0105], BPE correlated negatively with menopausal status. Our findings are therefore in line with King et al., strongly suggesting that the effect of menopausal status on BPE is substantially greater than the effect of age alone [@bb0030]. BPE may therefore be assumed as a sensitive parameter to the hormonal changes coinciding with menopause. Status after operation or radiotherapy has no effect on BPE in our study, which is somewhat contradictory to the findings of Dontchos et al., suggesting decreased BPE levels in patients having undergone prior treatment with radiation after surgery [@bb0065]. One reason may be that changes in breast tissue are transitional after surgery. The correlation between BPE levels and patients' risk for developing breast cancer is still a much-discussed topic. Several studies have investigated a possible connection between BPE and cancer. However, results were variable and inconsistent [@bb0030], [@bb0035], [@bb0040], [@bb0045], [@bb0050], [@bb0055], [@bb0060], [@bb0065], [@bb0080], [@bb0090], [@bb0125].

King et al. as well as Dontchos et al. proposed increased levels of BPE as an important risk factor for breast cancer. Hambly et al., DeMartini et al., and Albert et al. oppositely suggested that the incidence of breast cancer would not increase with BPE levels. In our data, there was no significant association between BPE and an elevated breast cancer risk, although it has to be critically added that our sample size of 11 cancer cases is rather small and may not allow for reliable statistical results (see study limitations). In line with Humbly and DeMartini et al., a high-risk precondition even has a negative effect on BPE, with general BPE levels in the high-risk population significantly below the screening population.

Yet, when corrected for motion, the effect of a high-risk precondition on the formation of BPE becomes insignificant and weak. At the same time, a highly significant association between BPE and motion was revealed. Motion as a clinically measurable parameter to some degree represents the patients' physiological vital status (e.g., elevated blood pressure due to patient anxiety) and may be seen a proxy for "patient-external" factors, i.e., technique. Vice versa, we may hypothesize that elevated motion levels are somewhat connected to a non--high-risk patient collective. To our knowledge, this is the first study revealing a possible connection of BPE and external factors like patient motion.

Study Limitations {#s0055}
-----------------

The estimate for cancer has to be considered with some caution owing to the fact that only 11 patients in our sample were diagnosed with carcinoma. At the same time, a larger sample size of cancer patients is needed to conduct further subgroup analyses in a high-risk population, such as BRCA gene mutations and family history. A second limitation of our study was the qualitative evaluation of BPE, FGT, and motion, making it potentially prone to interobserver variability. Even though the interobserver agreement was substantial in our study, it is still necessary to confirm our data with quantitative measurements, such as fully automated computerized methods. An additional limitation of this study was its retrospective nature. We depended on patient recollection and the electronic medical record for information. Therefore, this study did not control for patient-related issues such as menstrual cycle, menopausal status, and weight. However, as the state of the menstrual cycle is not systematically correlated/associated with any of the coefficients (except menopause) within our model, the effects of the regression analysis are not affected by menstrual effects. Our data were acquired with our specific technique in our university hospital. Further studies are needed to confirm our data with other techniques, e.g., using 2D sequences, known to be less susceptible to background enhancement. In our study, all women underwent MRM in the same unit with the same sequences, which will decrease the influence of oretical differences in T1 relaxation times on BPE.

In conclusion, BPE is associated with FGT and patient motion as well as status after menopause. We found no correlation of BPE and cancer, high-risk status, and status after surgery. Our results present "patient-external factors" (i.e., motion) as a novel set of factors to have a strongly positive impact on BPE. Physiological changes as well as technical examination parameters seem to play an important role in the formation of BPE. Further studies are needed.
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[^1]: Coefficients with standard errors in brackets.

[^2]: Significance codes:

[^3]: \<.05.

[^4]: \<.01.

[^5]: \<.001. For example: model 1, impact of FGT on BPE; model 2, Impact of FGT, corrected for age.
